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utemn mxm>**vT#x*K, in 
rawts 2 ] if i mmvmm pMmzffvvi* 

£ LX, ^y^A, ^H, /^nXD^W^Hl 

[!SM3] hot i Ewcuaatft pS!S{w; 
aosaaas<gis*ofiflc7ooffiK'FT?o?^i*, tr^ 

£^jK y r^XKSJRfc*3ROlSffiB'&©ffl»*' 3 20 

*-efr5 c ^^^^-r^^Mp^ft^y ^A^fb 
itmm 4 ] it 3 mm<oi&mfi pii^^A 

jRftftffl^scfcswafc-rs^fitripSSft^y^ 
[Statu 5] ii^tyr^x^^ in 30 

_tom^\ ^affiS^bTn^iwy^A^c^ 
d * -r zimm p sjgfttf y * ^^^^ 

{*<DMTOg>m 40 

m*3g6] 7m mxm>*vVT#x*K, in 

K-^> h #X LT, to^ LfcSSIS*±fc p 
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EfitftpfflSfb* y ^^k^*4 s «fto«His«f 

[ss*®7] 7m mmm<D*vVT#x^ in 
ii^i^©jg»;ff x fcSjRf fc P m 

ms&7 o ovu±x&%ct%w®Lt?z>immpm 

[0 0 0 1] 
[0 0 0 2] 

KtefcOKffi] «J;DMffl^tJ;Dp^{t^y^ 

■ess. T^s/9At4s*E»i&nT^5pS!^wwo 

[0 0 0 3] LfrLfttf^ ^S^cg7°n-feX^iD^X 
[0 0 0 4] 0 6li, f»OpK-^Sffc3?y9A«SS 

^gyn^x{cfett^$S R B H cD^^n7 7^;i/^, 

S. Nakamuraftfe^ Japanese Jour 
nal of AppliedPhysics vo 
1. 30, No. 10A, L 1 7 0 8^6L171 M 
-Z>\ 1 9 9 1#9 o 0 6Jcfc^r, t3J|j££&£&l 
0 3 01CW. S«Sr b r^^77Y7, Jfc!*©** 

yrffxifckJfc ^'^/.WF^fMy^ 

(TMG) , SaWBttTV*-^ pSK-^Vhg 
mv'^n^y^fVif-^^^^i, (CP2 M 
g) TffcS. 

[0 0 0 5] ISA^«fcOS«?^I^ 7j<Jfc** 

yr^x^r^t-T^ffl^r^nSo H6fcfe^ 

fiSftU V^^^A^|g^bT7K^/^>^^3>^ 

5l£j£cfo S^gp B R^^^7j<«^bT^ 7>^t 
[0 0 0 6] EI 7 li, H6OpSS^y^«0*S 
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TjkLX^Z ($J£lf, S. Nakamurai App 
lied Physics Letters64, N 
o. 1 3, 1 6 8 7^^,1 6 8 9^ 19 94 

¥) - 

[0007] m&&, V77<<Tmm 

5±©GaN^y77ll 6, S i K-^nlGaNl 
17, InGaNgtil8, MgK^^pSAlGa 
Nil 9, MgH^piGaNi20^^t^ 
§o IMI«^»^>^-^3>?tl/:ISP 10 

3-21862 s^ismo > ymm^^t*^ 
mmmu^x 400 t^unam^ m% l < & 7 0 0 

3 1 8 9*§&fR&#HD m^tltl^o 
[0 0 0 8] gfc, IMMffll^l^f, ISA 

£LT, In, Al y Gai-x- y N (0<x<l, 0< 
= y < l ) S<DJb£V^*^A F-^ftf'J ^ A£r 20 

f&m-zjim mrnre- 232451 

[0 0 0 9] -7^ 7m%&ti%:^mft<DfrXjm%ff 
[0 0 10] 

^piif^u ^u(D\mmtmo^ m^mm 30 
st£E<^s^ £7as©3ixj$s@i£ (0. 5timm 

[0 0 11] Sfe, ffiSJa 

[0 0 12] fffrwW6 -2 3 2 4 5 l§»i^?tl 
Tl^^Tii, ^>S>^i,^» , J , )^l^ 40 

f&mirzmitm yuo>kmwm^x\mmv*m* 
[0013] -7j, ^e^xu^^-sti, sift 
[0014] Jtnafcu:, *^ti, utticffns^ctB 

figg&^ffl^T, »V^ISSiif[*if ^^ofl^tfto pS 
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[0 0 15] 

mmf<D**rvy fixate, in ii7«ffc^fir©TO3? 

X fcSlRf k^ftOTO^ t p £ H-^> h#X him 
tSAJ£M7fiEftO«98BSISISAOSS3raBc7 OOg 

7 0 OfiWTTfOJW*. HuSH7jC^HV>fe^-Yi;7^ 

[0 0 16]^, *«WlcJ:ntf, $^$^7^ 

ff 5 c t t tzimm P mmtfl v v uwc^m 
[0017] *«wt<fcntf, ?m sjwo* 

III «7ngR{k^%©M^^Xi:^lR{k 

[0018] g^, 2jc^tc<fcn(^ 7m g^e>* 

^©TOffXfcpfflK-^htfXfcfc^LT, to 

^k^#wt«*#tfieffift^«K«^ intern 

VSjt^^ LT A s (D&Xti P <D&Xfi A s P 
*«fnSIII -V»k^ft4M»ttl*^L, COft 
*9ffiSSIS**?Wt- § c ^ 8 t: I" § ^Sta p 

[0019] zzic, ^mKxtus, 7m, mmm<D 
JrvVTiJxwz, in mjLMit^(owM^7,tmm 
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[0 0 2 0] 

700 KfitbTffific 9 £ < t\ Tkifi^^— > 

*^7oo Ke^ojaffiTf^jejfcffi-rso 400^ 10 

[0 0 2 1 ] Lfeff-sT, $Sr b r^7 00 mJLtXfSM 
I/^i/gy^tl^o CC>%£<07j<i^>^ 

t*j§<&3 0 20 

[0022] *%w<D{mmpmMt$v v&mt^vs 
ymfooin.m&mftmx^ pii^^m^ 

^^SIr^M^ !£r1^J@7 0 oafiLt-eim^t 

[0023] sfc, ^wofifiaspasfwu*?^ 
at, ISR H H M^^HfflM^x^g^^7K^ii^'ar 30 
-5 K^mmmit'SVQfi^ ymmtfyy^-rx 

[0 0 2 4] 2^6W©fifian[paiSfk^fU9A3fi 

[0025] 2^6w©fiSitn:pSSfk^fy9A3fi 

T> ISr b r^@7 0 OfifiCt^ t**fettj|»Vii7aR 

■eass. c nic j: -d xm^nmmcm^mm^wsm 
[0026] ssic, *«w©<aasi[pS!Sft^fy^ 

lft«lft«Mti p-n^V^-KIS 50 
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n^iicD7j<«^»^^«ijfflbr, P mm 
Kimtmm-zztitinmzo c^m^. maim 

[0 0 2 7] 

5 ©«o^t»Wfc:WSfiSSttpiSffc^fy 9 A^fb 

^^^o^cffl^g^jstt, 7m mmm<D*vvr 

III Ji7CJR{l:^ft©JgS3tfXi:SiR{b^ft© 

mm%x£pmF-^>hfixt%mnLx, mrnvrc 

[0 0 2 8] runoffs 1 ©^9£©^filfi?!l^43^5jas 
|gR 3 R^^7ifim©S^R 3 R^rS®/b^H:7 0 0SW± 
fiTFTfOJW*, 7KfP^£&v^U7#X^f?Mt 

*t?fr5. ^ur^rxtLrti, -m^a, sir. 7 

[0029] H l tt, «PJ§£>lg 1 ©^©JgffiWfc L 

^ttffiikf&mftvffiikmmMmte 1 0 3 osress. is 

fM.3„ ISR B R^ffi^7 0 o«WTo?Wfft:l»*ffc*S 

[0030] tsiij££(^ jmtn^&m&TfeeiTy^ 
-7mw^x<DW&m&ftm§<mm$, wmmm 

m¥5- 1 8 3 1 8 9#4^IJCfi^«7--;I/jaa (4 

0 0-7 0 o°o etbTffesfc*, co^^^tk^^ 

M-^h^c 7 0 0JtOT^(DS«SR H R 

fim*Km%i\&&vzo m&*mm, mitotan 
»sfn«, rai©Ji«3fiW'6, 3^04^1 pM* 

[0 0 3 1] 2fc^©m2^^9£^SHM^fe^5ig® 

^ 1 ommommM^mmm^m^^x, 

^7m^S^ISR 3 R^S:7 0 om&CFX<DlfcW%, *JR 
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^B#©*Sif|g|g?Bg£t± l o 3 oraSo IMj££*$7 

^^Ur^X^T>t-7cDMffillffl^ifV\ 7 0 0 
K(cfev^Tim^C3ffX*SiR3tfXfc^^;l/ii F^V 

[0033] mz^^mi^iJ^iJap^t:^ 1 ; 

tSS^I^IUtt, Wl^)#l¥5 - 1 8 3 1 8 9 
#4Mfcfe^5T--;I/jaa (4 0 0-7 0 0°C) fiU: 

[0 0 3 4] ^lOMSOJ^ffiPfcttSftO, 5? 

[0035] jmR<Dm3&mi<DfflmK*5Vziffi 

§ 0 40 

[o o 3 6] H3», *%w<Dm3<DmM<D&mmfci3 

2, SiH^nSGaNl3, I n G a NJS'ftJi 4, 
MgH^pSAlGaNl5, MgK^piGaN 
16, S i H^niGaN^iiIl7^^t 
Mg F-^p^A 1 GaN15, Mg F-T'pS 
GaNl6, S i H^'/niGaN^IiIl7©^ 50 
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f&w%<Dffi&m$mmz 1 o 3 oirt?*5. tssis«f 
mxmmLtcnm^^m^x^x^o m&ttmn 

[0 0 3 7] H3fc33*LfeS i K-^nSJGaNfSJi^ 
ffil7CD$gR B R^g^7fft^^ fle*WOWIH¥5- 

1 8 3 1 8 9#^|||{Cfe^5r— — ;I/jSfi (4 0 0-7 
0 0°C) fiU:T?a6Sfc», £<Dm&&X\Z&7kM'^>^ 
i/a y&mc l3£tJ&gft7&0?mi$K:tttS 
A3Mfr S *k*#8SW S HMrki L fe 7 * -fe 
7°£ (Mg) fc^1-57j<^iilE*^^*LTV^c 

7#iM3:\i>S i F-7°n§U^^li7^^3i<^§/c 
«>, iE*M^#o^7j<^(i^ H e H S^®©S i F-7°n§y 
G a NJi 7 fcWIStU MgH-^pSAlGaNl 
5, MgF-7 p p^GaNl6^7j<^^>^^3>^ 

y^vmst-ntf, mii^jfiff^^ assets 

p5»Wofeie*^#Bnso 

[0038] ^mmmA^mmmmmK^^ims, 

ttm&Lrcm^ mm^eiumhm&i 0 qwx±<d 

VtWiX\ VJR7C*fcLrAsO*XJiPO*XttAsfc 
[0 0 3 9] 0 4(4, ®4 0^9fi©^SHMfcfe^5jaS 

m7u^xm^ximistiz>%?t^*- m&<om 
nm%n*isr^Zo H4Kife^r, att*^ Kiss 

«\ t77-<7lIlJ:OGaNM777l2, S i F 
-7nSJG aN!3, I n G a Njgttl 4 , M g F-7 
p^A lGaN!5, Mg K^piGaNi6, S i 
F^niGa A s|g*^ffiJi8 fc^B/SoT^S. M 
g F-7°piAlGaN15 ( MgF^piGaNi 
6 ^$Sr b r^«^ISr h rS^^ 1 0 3 OfittffcS. M 
gF^piAlGaN|5, MgF^piGaNi 
6 ©HSHric^ ISrW^J^ 8 0 0 gfC W> S i 
F-^niG a A s fiSit£iIJ| 8 «»5 0 fSH/ftl 

MgK^piAlGaNlS, MgF-^pIGaN 

[0 0 4 0] ^4©^WO^»WO^tripS!S^y 

»^WJ{-fe^§|g H B H ^MIi^S i K-ynlGa 
A sJi8£E£fttaoTV3o G a A s (4«?3S»*^ 
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46, S i H^nSGa A si 8 Ofg^M)i(^«gS 

5-18318 9WjM!£&ftZT-'-f\/m& (400 
-7 o o°C) fiLhTffcSfcak e*^M^J«*TfOl^ 

gF^piAlGaNlS, MgH^piGaNl 

IS J»MQ SiH^nSGaAsi8*l 10 

^fft&^^X^y hX7f>m^l^> G a A 
SSfefc, IgU^Ml^S i F-7°niGaAsi8^ 

^m^mmm^G a a s tsA^MStt i n 

P, GaP, InGaAs, I n G a A s Pf ©VItU 

<fcv\ 

[0 0 4 1] 3^910^5 ©^©^fi#j£:fctf 3{£ffi 

-F^Mt^fc pSJM^u^AM^^sitt 
u ^^mnTmomm^um^i 0 o o ctx±tL 

[0 0 4 2] H 5 tt, W^^5««ltfc 

9 ±©G a N^y77ll 0, M 
g F^piGaNIl KMg F-^pSJA 1 GaN 
112, InGaNSttI13, SiF^niGaN 
11 4^*>P.^t^5, MgF^piGaNll 
1, Mg F^pSU IGaNll 2MS i K^7°n 
MG a Nl 1 4 ©*g|ij£llt<D|gifig|giB®fci; 10 3 0 

g F^piGaNH 1, Mg F— 7pSA 1 GaN 40 
112^ JSftKlS i F^niGaNi (nMMtfl 
VVLM) 1 4«Jtl, SiF^niGaNll 

[0043] c (Dmm p mmtfl v v umt^m^m 

%tMM<D*&m¥5- 1 8 3 1 8 9m2MK$5ft&T-*- 

(4 0 0-7 0 0°C) VL±-e&%rc^ C<DB$j& 50 
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tSA^ffittS i F^niGaNil 4tftoT^«. 

mTO^^*b^r^^7^ (M g ) fcie^-rs 

7K^iETO{c^*bT^§o ZETOW^fczkJROlt 

S i F^nSG a Nil 4[Cll?n, Mg F^p 
iGaNIl 1, Mg F-7pUA 1 G a Nl 1 2ff# 

psww^fcieft^snso do^gtap^fw 

[0 0 4 4] 

[«flH©»S3 S& l ©WSo»»WoittaKpSS{k^ 
[0045] ^2©«firo^»wo^tripfflSft^fy 

[0 0 4 6] ^3©^©^»MOfifilripa!Sft^y 

m^m^mtD umg a Nm^wm^n, pmmt^m 

£rj#^ ^{gffitftp^l^oTc^A^fBns^i: 

[0047] m4<Dm&<D&wM<D{mmpmmk#v 
xnmk, m&ssmvG a a s i*xyf>^^ 

[0 0 4 8] ^5©^©^^gfSin[p^t^U 
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v > n m^mimx &m< & % mto^^ itxmz 

^iix7f>^w^o, mmvmmm 
[0049] Ltctf-DX, mm<DmMt<Dmffimfcitm : & 

J«g:7n*X*^TmSSn3«ft*>f HIS*© 
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m t myu^?s*m^x\mi£tiz>mt?j*- fish® 

7°n -fex ft 3 fSifiail® 7n 77^f;^, ISrI. J&g 

m*<Dfix<DmM*m-mimx%>z>o 
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Mg F-7pSU IGaNI 
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